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Abstract
Background: The one leg hop for distance is one of the most commonly employed functional
tests utilized in the evaluation of the ACL deficient and reconstructed patient. While the reliability
of the hop test scores has been well established, validity studies have revealed low sensitivity rates
in detecting functional limitations using the hop index (the ratio or percentage of limb
performance). However, the impact of the inherent limitations associated with the hop index have
not been investigated to date. One specific limitation relates to the impact of the differences in the
underlying hop distance scores. Therefore, this pilot study set out to determine: 1) the impact that
between limb differences in hop distance has on the sensitivity of the hop index in detecting
functional limitations and; 2) whether a logarithmic transformation of the underlying hop distance
scores improves the sensitivity of the hop index.
Methods:  A cross sectional design involving the evaluation of one leg hop for distance
performance in a consecutive sample of 10 ACL deficient males with an isolated ACL tear awaiting
reconstructive surgery and nine gender, age-matched controls.
Results: In the ACL deficient, the hop index was associated with the distance hopped on the non-
injured limb (r = -0.66, p = 0.04) but not on the injured limb. Transformation (logarithmic) of the
hop distance scores and re-calculation of the hop index using the transformed scores increased the
sensitivity of the hop index in the detection of functional limitations from 20 to 60% and 50 to 70%
using the normal limb symmetry reference norms of ≥ 85% and 90% respectively.
Conclusion: The distance hopped on the non-injured limb is a critical factor in detecting functional
limitations using the hop index in patients with an ACL deficient knee. Logarithmic transformation
of the hop distance scores minimizes the effect of the arithmetic differences between limbs
however; the sensitivity of the hop index in detecting abnormal limb symmetry remains low.
Background
The one-leg hop for distance (OLHD) has become one of
the most commonly employed functional tests utilized in
the evaluation of the ACL deficient (ACLD) or recon-
structed patient, especially since its inclusion in the Inter-
national Knee Documentation Committee (IKDC)
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standard knee ligament evaluation [1-10]. It is considered
a relevant task to assess since the functional limitations in
the ACLD are most evident during the performance of
such athletic activities as a result of the capsuloligamen-
tous sagittal load on landing [11-14]. Furthermore, it can
be conducted in any clinical setting and requires minimal
staff training, time and equipment [15-19].
The OLHD scores include the hop distance and hop
index, which is the ratio or percentage of hop distance
achieved on one limb relative to the other. Hop index ref-
erence norms are used widely as clinical benchmarks for
establishing normal versus abnormal OLHD perform-
ance. A normal hop index has been shown to be ≥ 85% by
Barber et al [16] and ≥ 90% by Daniel et al [9,20]. These
reference norms were empirically established by noting >
90% of subjects without a history of ACL injury had a hop
index of ≥ 85% [16] and ≥ 90% [9,20], both of which are
cited in the literature. Therefore, to allow for a compari-
son of our results with other studies, both reference norms
are referred to throughout this report.
While the reliability of the OLHD has been well estab-
lished in terms of the consistency of patient
scores[17,18,21,22], previous validity studies have
revealed low sensitivity rates in detecting abnormal limb
symmetry [16,19] in the ACLD population. However, lim-
itations associated with the hop index have not been dealt
with appropriately. One specific limitation relates to the
impact of the differences in the underlying hop distance
scores.
Distance hopped on the non-injured leg may vary widely
according to natural differences in athletic ability and
muscle strength however; variation in the distance
hopped on the ACL injured leg is likely constrained due to
impairment. Consequently, the sensitivity of the hop
index in detecting functional limitations in the ACLD
would increase incrementally with the distance hopped
on the non-injured leg. A logarithmic transformation of
the hop distance scores could improve the sensitivity of
the hop index by making it more sensitive to the propor-
tional variation in the scores relative to arithmetic differ-
ences for those ACLD patients who do not hop as far on
the non-injured limb.
In view of the above, the objectives of this pilot study were
twofold:
1. To assess the impact that between limb differences in
hop distance has on the sensitivity of the hop index in
detecting functional limitations in the ACLD patient
requiring reconstructive surgery and;
2. To assess whether a logarithmic transformation of the
hop distance scores increases the sensitivity of the hop
index within this population.
Methods
Subjects
Ten consecutive males on a waiting list for ACL recon-
structive surgery were recruited. The inclusion of the ACL
deficient patient was dependent upon them having a
grade 2 or 3 ACL ligamentous laxity on manual testing,
being at least 6 weeks post injury and the absence of other
ligamentous involvement. Ten gender and age-matched
healthy Controls were recruited from the community
through the use of flyers and word-of-mouth.
The ACLD patients were tested 5.3 to 60 months post
injury and were similar in mean (+/- SEM) age in compar-
ison to Controls (28.4 (+/- 2.74) and 28.4 (+/- 1.11) years
respectively). All ACLD patients demonstrated normal
extension range of motion on the injured limb (less than
3-degree difference between limbs), seven had normal
flexion (between 0 to 5-degree difference between limbs)
and three had nearly normal flexion (between 6 to 15
degree difference between limbs). None of the ACLD
patients had evidence of swelling at the time of testing.
Self-report activity levels were evaluated using the Tegner
Activity Scale (score range from zero to ten, with zero rep-
resenting no activity secondary to the knee condition).
The ACLD patients engaged in significantly less demand-
ing work/sport related activities after their ACL injury
(median (25th; 75th percentiles) pre-injury: 7.5 (7;9) and
post-injury 4.5 (4;6); p = 0.004). However, the difference
between the ACLD patients and Controls at the time of
testing was not significantly different (4.5 (4;6) versus 6.5
(4;8) respectively; p = 0.082).
OLHD
OLHD performance was evaluated with the subject's
hands behind their back, to minimize the effect of arm
swing and subjects were instructed to stand on one limb
and hop as far forward as possible. Placement of the other
foot upon landing was not permitted however; subjects
were not required to hold their landing position. A total
of three hop trials on each limb were performed. Practice
trials were not permitted and the order of limb testing was
randomly determined. Subjects warmed up for five min-
utes on a stationary bike prior to testing.
The hop distance was calculated by measuring the dis-
tance traveled from heel to heel from the beginning to
final standing position. The longest distance of the three
trials for each leg (as opposed to the average) was used to
calculate the hop index for ease in computing as it has
been shown that the different analysis strategies have noBMC Musculoskeletal Disorders 2006, 7:9 http://www.biomedcentral.com/1471-2474/7/9
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effect on the hop index [18]. Leg dominance was deter-
mined by asking the subject to identify the leg with which
they would preferably kick a ball.
Informed consent
Informed consent was obtained prior to testing, subjects
were tested on one occasion only and all testing was per-
formed by the same physical therapist. The research ethics
committee of the hospital and its affiliated academic insti-
tution granted approval of the study protocol.
Data analysis plan
The validity of the OLHD in depicting functional limita-
tions in an ACLD knee was determined through an inter-
pretation of the diagnostic indices (i.e. sensitivity and
specificity whereby the closer they are to 100%, the more
sensitive and specific the test). The impact of limb differ-
ences in distance hopped on the hop index was explored
by analyzing scatterplots of the hop distance scores, exam-
ining the association between limb hop distance scores
and investigating the relationships between the hop dis-
tance scores and hop index. In order to minimize the
arithmetic variation between limb performance of the
ACLD and Controls, the hop distance scores were trans-
formed using a logarithmic (log10) transformation,
although logarithms to any base would have had the same
effect [23-25]. Following transformation of the hop dis-
tance scores, the hop index was re-calculated and the diag-
nostic test rates were re-analyzed.
Statistical analysis
Statistical computations were performed using SigmaStat
(Version 2.03, SPSS Inc.). For comparisons involving par-
ametric data, independent and paired t-tests were
employed and for non-parametric data, the Mann-Whit-
ney Rank Sum and Wilcoxon-Signed Rank tests were used.
Linear regression analyses were conducted using the Pear-
son Product Correlation Coefficient. All differences were
deemed significant at the p < 0.05 level.
Results
Hop distance scores
Within group comparisons revealed a significant differ-
ence in distance hopped between limbs within the ACLD
group (mean difference = 20 cm; p = 0.006) but not
within the Controls (5 cm; p = 0.21). Also, between group
comparisons demonstrated a significant difference in the
distance hopped on the ACLD limb relative to the average
limb performance (dominant + non-dominant / 2) of the
Controls (19 cm; p = 0.013) but not between the non-
injured limb of the ACLD patients and Controls (3 cm; p
= 0.67).
Hop index scores (original) relative to reference norms
The percentage of ACLD patients with an abnormal hop
index using the hop index reference norm ≥ 85% was 20%
and ≥ 90%, 50%. Whereas, 100% of the Controls demon-
strated a normal hop index irrespective of the reference
norm employed (Table 1).
The impact of limb differences in distance hopped on the 
sensitivity of the hop index
Scatterplots of the hop distances achieved revealed less
variation in the hop distance scores on the ACLD limb
compared to the non-injured limb of the ACLD patients
and Controls. Furthermore, a comparison of the relation-
ship between limbs in hop distance performance revealed
a weaker association within the ACLD group (r = 0.68; p
Table 1: Original hop index scores
ACLD knees Normal knees
Abnormal limb symmetry <85% (<90%) 20% (50%) 0% (0%)
Normal limb symmetry ≥85% (≥90%) 80% (50%) 100% (100%)
Sensitivity, specificity and other diagnostic indices of the original hop index scores using ≥85% (≥90%) hop index reference norms.
Pearson Product Moment Correlation plots illustrating the  association in hop distance performance between limbs  within the ACLD (r = 0.68; p = 0.04) and Control groups (r  = 0.91; p = < 0.001) Figure 1
Pearson Product Moment Correlation plots illustrating the 
association in hop distance performance between limbs 
within the ACLD (r = 0.68; p = 0.04) and Control groups (r 
= 0.91; p = < 0.001).
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= 0.04) compared to Controls (r = 0.91; p = <0.001) (Fig-
ure 1).
In the ACLD group, the distance achieved on the injured
limb was not associated with the hop index (r = 0.10; p =
0.79) however, on the non-injured limb, the correlation
between the hop index and hop distance was significant (r
= -0.66, p = 0.04) (Figure 2). The Controls did not dem-
onstrate an association between the hop distance (average
of limbs) and the hop index (r = 0.32; p = 0.40).
Hop index scores (transformed) relative to reference 
norms
The percentage of ACLD patients with an abnormal hop
index of < 85% increased from 20 to 60% when the hop
index scores were recalculated using the transformed hop
distance scores. In a like manner, the percentage with an
abnormal hop index of < 90%, increased from 50 to 70%.
The percentage of Controls who demonstrated a normal
hop index basically remained unchanged (Table 2).
Discussion
The most important finding of this study was that a math-
ematical transformation of the hop distance scores
improved the sensitivity of the hop test index in detecting
abnormal limb symmetry in the ACLD patient.
The clustered appearance of the hop distance scores on
the injured limb, and the weaker association in hop dis-
tance between limbs, led us to believe that the ACLD
patients performed fairly similarly on their injured limb
regardless of their performance on the non-injured limb.
As a result, those ACLD patients that hopped farther on
their non-injured limb were more likely to demonstrate
an abnormal hop index according to reference norms.
Therefore, controlling for differences in the distance
hopped on the non-injured limb would ensure that the
absolute hop distance was less of a critical factor in the
sensitivity of the hop index.
Distributions of clinical measures associated with func-
tional status often contain extraneous and/or insufficient
variation associated with outliers or clustering hence,
transformation of the associated scores is a commonly uti-
lized strategy to make a measure more useful for its
intended purpose [24]. In our study, transforming the
hop distance scores enabled a recalculation of the hop
index without concern for the differences in the hop dis-
tances achieved on the ACLD patient's non-injured limb.
In doing so, there was an increase in the percentage of
ACLD patients who demonstrated an abnormal hop index
using either the reference norm defined by Barber et al.
(1990)[16] or Daniel et al. (1982 and 1988)[9,20].
Whereas the percentage of Controls who demonstrated a
normal hop index basically remained unchanged.
When a measure is being used for a specific clinical appli-
cation such as diagnosis, prognosis and/or responsiveness
to treatment, the decision regarding the most appropriate
transformation should be based on theoretical considera-
tions of how variation in the measure will impact its per-
formance in practice [24]. This will increase the likelihood
that results based on this transformation are generalizable
to the population of interest rather than an artifact of a
given sample. One criterion in assessing how well a data
transformation will perform across different samples is to
determine whether it can minimize increases in the stand-
A Pearson Product Moment Correlation plot illustrating the  association between the hop index (injured/non-injured limb  hop distance × 100%) and the hop distance on the non- injured limb in the ACLD group (r = -0.66, p = 0.04) Figure 2
A Pearson Product Moment Correlation plot illustrating the 
association between the hop index (injured/non-injured limb 
hop distance × 100%) and the hop distance on the non-
injured limb in the ACLD group (r = -0.66, p = 0.04).
Table 2: Transformed (log10) hop index scores:
ACLD knees Normal knees
Abnormal limb symmetry <85% (<90%) 60% (70%) 0% (10%)
Normal limb symmetry ≥85% (≥90%) 40% (30%) 100% (90%)
Sensitivity, specificity and other diagnostic indices of the hop index using the transformed hop distance scores using ≥85% (≥90%) hop index 
reference norms.BMC Musculoskeletal Disorders 2006, 7:9 http://www.biomedcentral.com/1471-2474/7/9
Page 5 of 6
(page number not for citation purposes)
ard deviation in relation to increases in the mean [24].
Upon examination of our data, the standard deviation
increased in proportion to the mean for the original hop
distance scores of the ACLD limb versus the non-injured
limbs of the ACLD and Controls. While the logarithmic
transformation served to equalize the standard deviations
among these hop distance scores (Table 3). However,
despite the improvement in the sensitivity of the hop
index using the transformed scores, the sensitivity of the
hop index remains low given that approximately one
third of the ACLD patients were classified as having a nor-
mal hop index.
Many methods of assessing neuromuscular function have
demonstrated that both limbs are affected after a unilat-
eral ACL injury [26-28]. Therefore, it is possible that the
patient with an ACL injury has a normal hop index rela-
tive to reference norms but the distance hopped on both
limbs is shorter when compared with individuals with
normal knees. Another potential explanation is that the
OLHD is not challenging enough to elicit the functional
limitations in those ACLD patients that experience
dynamic instability in sporting or other demanding activ-
ities.
Given our limited sample size, this pilot study was under
powered hence; further validation of this approach is
required prior to recommending its use within a clinical
setting. Future studies should include ACLD males and
females, across the spectrum of injury, with varying levels
of chronicity [29]. Also, consideration should be given to
employing a Receiver Operator Characteristic Curve in
order to select an appropriate cut-off point in the determi-
nation of a normal versus abnormal hop index in the
ACLD versus non-injured, healthy population [30].
Should the sensitivity of the hop index in detecting func-
tional limitations remain low in future work, considera-
tion should be given to the development of a more
challenging lower limb functional test in the assessment
of ACL injuries. The test of choice should be objective,
reliable and provide an independent assessment of limb
performance such that the opposite limb can be used for
comparison. Finally, it ought to simulate stresses about
the knee encountered during activities relevant to the ath-
lete, stress in multiple planes of motion and incorporate
'reactive', as opposed to planned, testing conditions.
In closing, while performance tests such as the OLHD are
very useful to the clinician when attempting to describe a
patient's functional status and disability, they should not
be used in isolation. Other clinical assessments including
knee joint laxity, muscle performance, proprioception
and self-report measures of function capture different
aspects of physical performance and when used in combi-
nation, more comprehensively describe the patient's sta-
tus at a given point in time [16,31].
Conclusion
The distance hopped on the non-injured limb is poten-
tially a critical factor in the sensitivity of the hop index in
detecting functional limitations in the ACLD. Transform-
ing the hop distance scores, to minimize the effect of the
arithmetic differences between limbs, may improve the
sensitivity of the hop index in detecting functional limita-
tions in the ACLD patient. Further validation of this
approach is required prior to recommending its use
within the clinical realm.
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Table 3: Descriptive statistics for the original and log10 transformed hop distance scores
Hop distance (m) ACLD CONTROLS
Injured Non-injured Non-dominant Dominant
Original mean (SD) 1.58 (0.12) 1.72 (0.18) 1.78 (0.20) 1.75 (0.17)
SD/mean 0.08 0.10 0.11 0.10
Transformed mean (SD) 0.20 (0.03) 0.23 (0.04) 0.25 (0.05) 0.24 (0.04)
SD/mean 0.15 0.17 0.20 0.17
Descriptive statistics for the original and log10 transformed hop distance scores including the mean, standard deviation (SD) and SD expressed 
relative to the mean.Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
BMC Musculoskeletal Disorders 2006, 7:9 http://www.biomedcentral.com/1471-2474/7/9
Page 6 of 6
(page number not for citation purposes)
References
1. Tegner Y, Lysholm J, Lysholm M, Gillquist J: A performance test to
monitor rehabilitation and evaluate anterior cruciate liga-
ment injuries.  Am J Sports Med 1986, 14(2):156-159.
2. Wilk KE, Romaniello WT, Soscia SM, Arrigo CA, Andrews JR: The
relationship between subjective knee scores, isokinetic test-
ing, and functional testing in the ACL-reconstructed knee.  J
Orthop Sports Phys Ther 1994, 20(2):60-73.
3. Eastlack ME, Axe MJ, Snyder-Mackler L: Laxity, instability, and
functional outcome after ACL injury: Copers versus nonco-
pers.  Med Sci Sports Exerc 1999, 31(2):210-215.
4. Sekiya I, Muneta T, Ogiuchi T, Yagishita K, Yamamoto H: Signifi-
cance of the single-legged hop test to the anterior cruciate
ligament reconstructed knee in relation to muscle strength
and anterior laxity.  Am J Sports Med 1998, 26(3):384-388.
5. Kramer JF, Dubowitz T, Fowler P, Schachter C, Birmingham T: Func-
tional knee braces and dynamic performance: A review.  Clin
J Sport Med 1997, 7(1):32-39.
6. Engstrom B, Gornitzka J, Johansson C, Wredmark T: Knee function
after anterior cruciate ligament ruptures treated conserva-
tively.  International Orthopaedics 1993, 17:208-213.
7. Juris PM, Phillips EM, Dalpe C, Edwards C, Gotlin RS, Kane DJ: A
dynamic test of lower extremity function following anterior
cruciate ligament reonstruction and rehabilitation.  J Orthop
Sports Phys Ther 1997, 26:184-191.
8. Rudolph KS, Axe MJ, Synder-Mackler L: Dynamic stability after
ACL injury: who can hop?  Knee Surg Sports Traumatol Arthrosc
2000, 8:262-269.
9. Daniel D, Malcom L, Stone ML, Perth H, Morgan J, Riehl B: Quanti-
fication of knee stability and function.  Contemp Orthop 1982,
5(1):83-91.
10. Hefti F, Muller W: Current state of evaluation of knee ligament
lesions. The new IKDC knee evaluation form.  Orthopade 1993,
22:351-362. German
11. Magee DJ: Orthopedic Physical Assessment Philadelphia: W.B. Saunders
Company; 1987:402. 
12. Gauffin H, Pettersson G, Tropp H: Kinematic analysis of one-leg
long hopping in patients with an old rupture of the anterior
cruciate ligament.  Clinical Biomechanics 1990, 5(1):41-46.
13. Gauffin H, Tropp H: Altered movement and muscular-activa-
tion patterns during the one-legged jump in patients with an
old anterior cruciate ligament rupture.  Am J of Sports Med 1992,
20(2):182-192.
14. Losee RE: Concepts of the pivot shift.  Clin Orthop 1982,
172:45-51.
15. Barber SD, Noyes FR, Mangine RE, DeMaio M: Rehabilitation after
ACL reconstruction: Function testing.  Orthopedics 1992,
15(8):969-974.
16. Barber SD, Noyes FR, Mangine RE, McCloskey JW, Hartman W:
Quantitative assessment of functional limitations in normal
and anterior cruciate ligament-deficient knees.  Clin Orthop
1990, 255:204-214.
17. Bolgla L, Keskula D: Reliability of lower extremity functional
performance tests.  J Orthop Sports Phys Ther 1997, 26(3):138-142.
18. Kramer JF, Nusca D, Fowler P, Webster-Bogaert S: Test-retest
reliability of the one-leg hop test following ACL reconstruc-
tion.  Clin J Sport Med 1992, 2:240-243.
19. Noyes FR, Barber SD, Mangine RE: Abnormal lower limb symme-
try determined by function hop tests after anterior cruciate
ligament rupture.  Am J Sports Med 1991, 19(5):513-518.
20. Daniel DM, Stone ML, Riehl B, Moore MR: A measurement of
lower limb function: The one-leg hop for distance.  Am J Knee
Surg 1988, 1(4):212-214.
21. Bandy W, Rusche K, Tekulve F: Reliability and limb symmetry
for five unilateral functional tests of the lower extremities.
Isokinetics and Exercise Science 1994, 4(3):108-111.
22. Greenberger H, Paterno M: The test-retest reliability of a one-
legged hop for distance in healthy young adults [abstract].  J
Orthop Sports Phys Ther 1994, 19(1):62.
23. Dawson-Saunders B, Trapp RG: Basic & Clinical Biostatistics 2nd edi-
tion. East Norwalk, Connecticut: Appleton & Lange; 1994. 
24. Kirkwood BR: Essentials of Medical Statistics Cambridge, Massachu-
setts: Blackwell Scientific Publications Ltd; 1988. 
25. Daniel WW: Statistics: A Foundation for Analysis in the Health Sciences
4th edition. New York: John Wiley & Sons, Inc; 1987. 
26. Gauffin H, Pettersson G, Tegner Y, Tropp H: Function testing in
patients with old rupture of the anterior cruciate ligament.
Int J Sports Med 1990, 11(1):73-77.
27. Urbach D, Awiszus F: Impaired ability of voluntary quadriceps
activation bilaterally interferes with function testing after
knee injuries: A twitch interpolation study.  Int J Sports Med
2002, 23(4):231-6.
28. Zatterstrom R, Friden T, Lindstrand A, Moritz U: The effect of
physiotherapy on standing balance in chronic anterior cruci-
ate ligament insufficiency.  Am J Sports Med 1994, 22(4):531-6.
29. Kirshner B, Guyatt G: A methodological framework for assess-
ing health indices.  J Chron Dis 1985, 38(1):27-36.
30. Jaeschke R, Guyatt G, Sackett DL: User's guides to the medical
literature. III. How to use an article about a diagnostic test:
B. What are the results and will they help me in caring for
my patients?  In JAMA Volume 271. The Evidence-Based Medicine
Working Group; 1994:703-707. 
31. Fitzgerald G, Lephart S, Hwang J, Wainner M: Hop Tests as Predic-
tors of Dynamic Knee Stability.  J Orthop Sports Phys Ther 2001,
31(10):588-597.
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2474/7/9/prepub